Bacillus cereus, Bacillus thuringiensis and Bacillus mycoides are very closely related bacteria, generally considered as subspecies of B. cereus sensu lato. Different transposable elements have been isolated from B. thuringiensis, including IS231, IS232 and IS240 and their variants. The distribution of these three insertion sequences (IS) within the B. cereus group has been investigated in 90 strains of B. thuringiensis (representing 61 serovars), in 30 reference strains of B. cereus and in 33 strains of B. mycoides. Since these IS elements are delimited by well-conserved and specific inverted repeats, the use of primers corresponding to these ends allowed their amplification by PCR. The results showed that IS231 is the most abundant element in the three taxa, whereas IS232 is apparently exclusively associated with B. thuringiensis. Hybridization and Dral RFLP analysis of the PCR products confirmed and extended knowledge of the heterogeneity previously observed among iso-IS231 elements. Moreover, a similar diversity was observed among iso-IS240 elements. This contrasted with the relative homogeneity displayed by iso-IS232 elements. No specific association appeared to exist between any particular iso-element and a specific strain or serotype.
INTRODUCTION
The genus Bacillus is generally recognized as being more heterogeneous than most other bacterial genera. Within the genus, the Bacillus cereus group has been for a long time a subject of controversy. This group comprises the B. cereus, B. thuringiensis, B. mycoides and B. anthracis taxa.
B. cereus sensu strict0 is an ubiquitous soil bacterium also found as a contaminant in dairy products, rice and meat. Some strains produce extracellular enterotoxins and cause food poisoning in man, and other toxins such as phospholipase C, haemolysins and emetic toxins can also be produced. B. thuringiensis is characterized by the synthesis of highly specific insecticidal toxins and is one of the most widely used biopesticides (Priest et al., 1994 organism and is identified unambiguously by its unique rhizoid colony morphology and its lack of motility. Finally, B. antbracis is the causative agent of anthrax in humans and animals. It can be differentiated from the other members of the group by its gamma phage susceptibility, penicillin sensitivity or lack of motility and haemolytic activity (Sneath, 1986 ; Priest, 1993) . Its virulence depends on the combined presence of two plasmids: pXO1, bearing the toxin genes, and pX02, carrying the capsule genes.
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The following strains were also tested, but gave no PCR product: AHU1219 and AHU1356 described by Wunschel et al. (1994) locus enzyme electrophoresis (MEE) strongly indicate that these two Bacillus should be regarded as one species (Carlson et al., 1994; Zahner et al., 1989) . Lastly, Andersen et al. (1996) have identified a region displaying genetic variability among B. anthracis, B. cereus and B. mycoides. In B. anthracis however, this region was shown to carry variable numbers of tandem repeats, and this might simply represent a rare case of hypervariability for this highly monomorphic bacteria. Considering these results, it seems that the four Bacillus taxa are very closely related at the genetic level, even if they display specific phenotypic traits.
Several insertion sequences (IS) and cointegrative transposons have been found structurally associated to the toxin (cry) genes in B. thuringiensis (Mahillon et al., 1994) . This particular organization is thought to facilitate recombination and exchange of plasmids, providing mechanisms to account for the generation of new specificity in crystal-producing strains. Among the mobile elements isolated in B. thuringiensis are two transposons belonging to the Tn3 family, Tn4430 and Tn.5402, and variants of IS232, IS232 and IS240, belonging to three major prokaryote IS families. Recently, IS231 variants were also found in B. cereus and B. anthracis (Henderson et al., 1995) .
The aim of this work was to establish the distribution of four IS, representatives of three major IS families (IS232A and IS231V from the IS4 family, IS232 classified in the IS21 group, and IS240, a member of the IS6 family) among the different serovars of B. thuringiensis and among the reference strains of the closely related B. cereus and B. mycoides. PCR was used as the main technique of analysis, the presence of conserved and specific inverted repeats (IR) at the end of the IS allowing not only their amplification, but also the amplification of their variants. The diversity and differential distribution of these IS among the different taxa and their relatedness with entomopathogenic characters are presented.
METHODS

Bacterial strains. The B. thuringiensis, B. cereus and
B. mycoides strains used in this study are listed in Tables 1 , 2 and 3, respectively, together with their relevant features. Bacteria were grown overnight on 2YT medium (Brousseau et al., 1993) at 28 "C.
DNA sample preparation and PCR conditions. DNA sample preparation for PCR reactions was adapted from Brousseau et al. (1993) . The equivalent of a small match-head of a fresh colony or streak was resuspended in 250 pl sterile water and boiled for 10 min. The tubes were immediately centrifuged for 30 s and 200 p1 of the supernatant was removed and placed on ice. Each PCR reaction (50 pl) contained 20 pl DNA sample, 10 p1 10 pM primers, 0.5 pl 20 mM dNTP, 0.5 pl 5 mM tetramethylammonium chloride, 0.4 p1 (for IS231A and IS240) or 0.6 pl (for IS231V and IS232) polymerase (DynaZym, Life Sciences, 2 U pl-'), and 5 p110 x reaction buffer. The reactions were performed in a Perkin Elmer 9600 apparatus: after a 10 min pre-incubation at 96 "C, 30 cycles of 1 min at 92 "C, 1 min at 50 "C and 2 min at 72 "C were performed for IS231A, IS232V and IS240. For IS232, the annealing temperature was 45 "C and the polymerization step lasted for 2.5 min. The reactions were terminated by 10 min at 72 OC.
Sequences of the different oligonucleotides used in this study are shown in Table 4 and compared to the left and right IR of the different iso-elements. Due to heterogeneity in the IR, two distinct IS231 primers were made: P231-1, designed to detect IS231A, IS231G, IS231C, IS231F (one mismatch admitted for the last two variants) and IS231H (assuming its right IR to be very similar), and P231-2, specific to the IS231V and IS231W variants. For IS232, the IR of its A, B and C variants could be matched by the P232 pair of primers, whereas the degenerated P240 primer was chosen to hybridize to the ends of IS240A and B. In addition to these known elements, and because of the conserved nature of the IR, new iso-elements were also expected to be amplified.
IS distribution and diversity in B. cereus group (Menou et al., 1990; Mahillon et al., 1985) , and israelensis 4Q2-72 for IS231V (Rezsohazy et al., 1993) and IS240 (Delkcluse et al., 1989) .
Diversity among the different IS-PCR products was estimated by DraI (Eurogentec) RFLP.
Hybridization experiments. IS231A and IS232A probes were prepared from pGI622 and pGI612 plasmids, respectively (Mahillon et al., 1987), while integral copies of IS231F, IS231V and IS240A were amplified by PCR, using the Pwo polymerase (Boehringer), on total DNA from strain 4Q2-72 of B. thuringiensis subsp. israelensis, from which they originated (Mahillon et al., 1994) . They were cloned into the SmaI site of the pBluescript SK plasmid (Stratagene) and introduced into Escherichia coli TG1 (supE hsdA5 thi A(lac-proAB) F' [traD36 proAB+ ladq lacZAM151). All IS probes were amplified using the DynaZym polymerase, and recovered from agarose gel with the QIAEX I1 gel extraction kit (Qiagen).
After migration of the PCR products on agarose gel, the DNA samples were Southern-blotted according to standard techniques (Sambrook et al., 1989) . Hybridizations were made using standard conditions of 42 "C with 50% (v/v) formamide.
Parasporal crystal observation. The bacteria were grown on Schaeffer sporulation medium (0.8 '/o Difco nutrient broth, 1 mM MgSO,, 15 mM KCl, 1 mM CaCl,, 10 pM MnCl, and 1 pM FeSO,) plates for 5-7 d at 28 "C. The samples were 5 W is A or T.
stained with carbolfuchsin and observed using a light microscope.
RESULTS
Experimental set-up
Since most IS display short conserved IR sequences at their ends, their rapid detection can be easily achieved by PCR amplification, using a single oligonucleotide primer. Based on the available DNA sequences of the different B. thuringiensis IS, a series of primers were designed for the detection of iso-IS231, IS232 and IS240 (Table 4 ) and tested on the control strains from which the IS originated.
Using the P231-1 primer in a PCR on B. thuringiensis Berliner 1715, a single 1650 bp signal was amplified (Fig.  1, lane 2) . Restriction analysis of this PCR product (data not shown) demonstrated that it represented not only IS231A, but also IS231C, both known to be present in this subspecies (Mahillon et al., 1987) . With the same DNA sample from Berliner 1715 and using the appropriate primer mix, the PCR gave the expected 2200 bp fragment (Menou et al., 1990) corresponding to IS232 (Fig. 1, lane 4) . No signal corresponding to IS232V or IS240 (Fig. 1, lanes 3 and 5, respectively) were observed in the Berliner 1715 samples. Conversely, the PCR with a DNA sample from B. thuringiensis subsp. israelensis 442-72 gave the 1950 bp fragment expected for IS231V (Rezsohazy et al., 1993 ) and a 850 bp signal for IS240 (Delecluse et al., 1989) (Fig. 1, lanes 7 and 9,  respectively) . Moreover, the P231-1 primer allowed the amplification of a 1650 bp signal corresponding to the IS231F variant present in the same 442-72 strain (Fig. 1,  lane 6) .
IS distribution among the B. thuringiensis reference strains
With the reaction conditions elaborated for the four IS, 90 B. thuringiensis reference strains, representing 61 serovars, were tested. The complete results are listed in Table 1 together with other relevant information. It should be noted that although IS231D and IS231E originated from B. thuringiensis subsp. finitimus (Rezsohazy et al., 1992) , they were not detected by P231-1 or P231-2. The reasons lie in the fact that IS231E lacks a left IR ( Table 4) , and that the three mismatches present in IS231D left IR, as compared to the P231-1 primer sequence, are located at the 3' end of its IR, therefore preventing any amplification.
IS diversity in B. thuringiensis
T o estimate the relatedness of the PCR products generated with their respective IS, a selection of them were hybridized with their corresponding IS probes (Table 1) . Under the conditions used, the detection threshold was estimated to be 70 % sequence identity, as indicated by the weak signal given by IS231F from israelensis 442-72 when detected by IS231A (these elements are 73 % identical).
When hybridized with IS231A, most of the PCR products amplified with the P231-1 primer gave a positive signal, with the exception of the 1950 and 1900 bp bands of subsp. Pakistani and monterrey, respectively. The same PCR products obtained with P231-1 were also tested against the IS232V probe, but none of them gave a positive result (data not shown). Similarly, hybridization using the IS231 V probe indicated a close relationship between this element and the P231-2-generated PCR products, whereas no signals were observed using IS232A (data not shown). Of the nine IS240-derived PCR products tested for hybridization, (including a weak 1900 bp band), only two bands could not be detected (H27 and H32). Finally, all six IS232 PCR products hybridized strongly with their corresponding probe, indicating that they represented well-conserved copies of this IS.
Although these results indicated a degree of relatedness between these PCR products, more insight was sought by analysis of their restriction fragment polymorphism.
DraI restriction profiles of selected PCR products were compared to those obtained with the reference strains ( The most striking observation is the difference in diversity between the IS232-related PCR products and those from the other elements. Indeed, for the former, five of the six products analysed were identical (Fig. 2 , lanes 22-24) or nearly identical (lane 25) to IS232A ; only that of serotype 42 (lane 26) displayed a different pattern. For IS231, the situation is more complex. Although each known IS231 pattern can be found in a background different to its original strain, close variants of each IS were also detected. This is particularly well illustrated by IS232 C : originally isolated from strain Berliner 1715 (Fig. 2, lane l ) , this IS is also detected in strains T03A001, T03C001 and T04B001 (lanes 3-5, respectively), and a variant in strain T18 001 (lane 8). IS231F from strain 442-72 can also be found in strain T17 001 and, with some variation, in T26 001 (lanes 2, 6 and 9, respectively). Similarly, IS231 V/W from strain 442-72 are also present in T38 001 and BGSC 4K3 (lanes 15 and 17), but displayed greater variation in strains T33 001 and T44 001 (lanes 16 and 18) . All the IS240 patterns tested were dissimilar, with the exception of that from strain T43 001 (Fig. 2, lane 31) , also present in strain T20 001, in combination with another iso-IS240 (Fig. 2, lane 29) IS distribution and diversity among B. cereus reference strains
Contrary to B. thuringiensis, most of the 30 B. cereus strains tested (83%) did not give any PCR products ( Table 2) . Hybridization of those PCR products that were obtained with their respective probes confirmed their relationship to their parental IS, with the exception of the 1900 bp and 850 bp fragments from strains ATCC 12826 and CER 484, respectively, for which no signal could be observed. DraI restriction analysis of the PCR products ( Fig. 2) regards to their DNA relatedness (Dl, D2 and D3 subgroups) or MEE and RFLP (Ml or M2 MEE clusters). The results obtained are presented in Table 3 . It was particularly noteworthy that, despite their very different origins, no strain gave a PCR signal corresponding to IS232.
Hybridization experiments similar to those performed with B. thuringiensis and B. cereus indicated DNA relationship (above 70% identity) between most of the PCR products obtained (including the large 3200 bp fragment from strain BD-6) and their corresponding IS (Table 3) . No signal could be obtained with the 850 bp IS distribution and diversity in B. cereus group fragment from strains BD-3 and NRS321, nor with the three 2800 bp bands of cluster M1. These results were supplemented by analysis of the PCR restriction polymorphism. As expected, several of them displayed novel DraI restriction profiles, including the IS240 band from BD-3 and KBS 1 4 (Fig. 2, lanes 33 and 34) (Fig. 3) .
A second important insight into the biology of IS231 is the observation that the majority of these elements fall into the same two size categories, 1650 and 1950 bp, observed in the above ten variants. The additional '" 'Or possibly be used as a specific marker for this bacterium. IS232 also appeared to be the most conserved element. Indeed, all the PCR products amplified had the 2200 bp expected size, hybridization of some of these bands gave strong signals, even in stringent conditions, and DraI restriction of the PCR products generated confirmed their close relationships (Fig. 2, lanes 21-27) . At least two possible, not mutually exclusive, explanations could account for these observations. IS232 could transpose with low efficiency, as previously suggested by its rather weak activity (5 x detected in E. coli (Menou et al., 1990) . Alternatively, the DNA sequence forming the IS232 IR might vary among the different iso-elements in such a way that their detection by the pair of primers used in this work was not possible. However, the detection of at least one new iso-element (Fig. 2, lane 26) challenges this hypothesis.
Extrachromosomal versus chromosomal location
The differential IS distribution observed in this work could possibly correlate, at least in part, to the fact that most B. thuringiensis strains are entomopathogenic and their cry genes are generally associated with different IS elements on large plasmids. In fact, no PCR product corresponding to all four IS was amplified (Table 1) from the DNA of the B. thuringiensis kurstaki and B. thuringiensis israelensis cry-negative strains which lacked these conjugative plasmids (strains kurstaki HD-1 cry-B and 442-81). Preferential IS location on extrachromosomal molecules would certainly be consistent with these observations. Currently, experiments are in progress to determine differences in the specificity of IS insertion in the genomes of B. thuringiensis, B. cereus and B. mycoides.
